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SYSTEM AND METHOD FOR TARGET-BASED COMPACT MODELING 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention generally relates to device modeling and to an improved 
system of maintaining the target performance of the model through the development of the 
process used to fabricate the device. 

Description of the Related Art 

[0002] Today's fast-paced product development cycles necessitate that design tools such 
as compact models (e.g., the physics-based subroutines used in numerical simulation codes for 
larger entities such as circuits, mechanical systems, etc.) be developed early in the fabrication 
process development cycle. To create accurate compact models, large volumes of measured 
data taken from hardware that is fully representative of the next-generation process are needed. 
However, the largest available source of data is die current fabrication process technology 
generation. The amount of data available regarding the final version of the next-generation 
process is typically very small, since the next-generation process at the time of the compact 
model development is estimated from current fabrication capability. As more is learned about 
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how the initial process description will perform, adjustments are made to maintain process 
goals, and the process evolves to its final state. 

[0003] This process uncertainty presents a challenge for the developers of compact 
models. To cope with this situation, developers of compact models extrapolate from existing 
compact models, but include best estimates of parametrics for the next-generation process. If 
the initial process assumptions change as the process matures, a new model must be generated. 
Multiple model versions represent a concern for product designers, since this may potentially 
require a redesign if major model updates occur. Therefore, there is a need for a new 
method/system that maintains target performance parameters as the design of the process 
progresses. This invention addresses the problem of early compact model uncertainty due to 
process maturation by providing the product designer with the ability to assess design point 
variations while still maintaining the minimum overall performance targets for the nominal 
process. 



SUMMARY OF THE INVENTION 



[0004] In view of the foregoing and other problems, disadvantages, and drawbacks of 
the conventional modeling systems, the present invention has been devised, and it is an object 
of the present invention to provide a structure and method for an improved modeling system. 

[0005] In order to attain the object(s) suggested above, there is provided, according to 
one aspect of the invention, a computer model (or target model, a model that is intended to be 
predictive of the final process performance) of a device that has a performance parameter. The 
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performance parameter includes a first bounded range and a second bounded range. The first 
bounded range has performance parameter variations within a single manufacturing process. 
The second bounded range has performance parameter variations due to different device 
designs. In one embodiment of the invention, the first bounded range and the second bounded 
range are implemented as independent variations with separate properties. In a second 
embodiment, the first bounded range is within the second bounded range, that is the design 
variation is specified to include some limited process variation. The second bounded range 
has a plurality of performance points. Thus, in the invention, the performance parameter is at 
least a two-dimensional range of a plurality of performance points (of the first bounded range 
and/or the second bounded range). 

[0006] The invention also includes a computer-implemented method for designing a 
product tolerant to variance in a given performance parameter. The method designs the 
product using a computer model. The performance parameter includes a first bounded range 
and a second bounded range. The first bounded range has performance parameter variations 
within a single manufacturing process. The second bounded range has performance parameter 
variations of different device designs. 

[0007] The invention develops a product that has a plurality of devices. The invention 
also provides design goals. The invention then produces a target model of a device for the 
final product based on the design goals. The target model includes target performance 
parameters. The invention simultaneously designs the device and the final product based on 
the target performance parameters. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] The foregoing and other objects, aspects and advantages will be better 
understood from the following detailed description of a preferred embodiments) of the 
invention with reference to the drawings, in which: 

[0009] Figure 1 is a chart showing current verses voltage for a device at a single 
performance point; 

[0010] Figure 2 is a chart showing different current-voltage trajectories that different 
device designs exhibit prior to reaching the single performance point shown in Figure 1; 

[0011] Figure 3 is a chart showing the range of performance points associated with the 
different curves shown in Figure 2; 

[0012] Figure 4 is a flowchart illustrating a preferred method of the invention; 

[0013] Figure 5 is a flowchart illustrating the correlation of primary and secondary 
performance parameters achieved with the invention; and 

[0014] Figure 6 is a hardware embodiment in which the invention could operate. 
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DETAILED DESCRIPTION OF PREFERRED 



EMBODIMENTS OF THE INVENTION 



[0015] In the description to follow, reference will be made to "devices" and 
"products". In Hie preferred embodiment, "device" refers to an active or passive integrated 
circuit component, such as a transistor, capacitor, resistor, or the like (most preferably, it 



refers to a transistor), and "product" refers to the overall integrated circuit chip. However, it 



OS is to be understood that the invention is also applicable to any component of any product, 

hi 

JH where the performance attributes of that component help determine the functionality of the 

m 

I : f 

fi integrated product. Examples include chemical components and subcomponents of a drug, or 

is" ' .' 1 

N the insole of a shoe, or the foam insulation of a hot tub. In each example, the former is the 

III 

"device" and the latter is the "product". 



[0016] The invention is applicable to situations in which the performance attributes of 
the device are in turn dependent on the manufacturing process by which it is made. That is, 
the manufacturing process can be developed to optimize certain "performance parameters" of 
the device. In our examples, a "performance parameter" could be the currant-voltage 
switchpoint of a transistor; the solubility of a component of a drug; the rigidity of an insole; or 
the coefficient of thermal expansion of foam insulation for a hot tub. 



[0017] In designing the device, various tradeoffs are often made to optimize certain 
characteristics to optimize revenue. It might be to drive down cost, or maximize performance, 
or increase reliabilility, all as a function of the intended marketplace niche for the device. In 
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business terms, the device will typically be targeted at a particular cost/performance point. 
Thus, in the parlance of this application, the "design" of the device can vary as a function of 
the cost/performance tradeoffs, or other marketplace factors a designer may wish to optimize 
for a given device. Alternatively, a design can be targeted to a single set of characteristics, 
but because of cost considerations, etc., such characteristics may not be realized when the 
device is manufactured. 

[0018] In the invention, rather than specifying the performance parameter as a single 
point, the parameter is expressed in terms of its permitted variability within a range 
constrained by at least two variables. The first variable is expected variations in the 
manufacturing process itself, and the second variable is the variation in device design. For 
example, considering the insole of a shoe, rigidity (the "performance parameter") might vary 
as a function of the percentage of a given plastic. That percentage might be, e.g., 5% of the 
insole material. Normal process variations might be + 0.05%. However, for a different 
device design (e.g., to increase rigidity), the percentage might be 10% , and at that higher 
concentration the manufacturing variation might be +0.04% . The invention expresses a 
performance parameter (rigidity) as varying as a function of expected variations within a given 
manufacturing process (± 0.05% or ± 0,04%) and varying as a function of device design 
(plastic concentrations between 5% and 10%), respectively. 

[0019] The invention will now be discussed in more detail below, with reference to a 
preferred embodiment (i.e., semiconductor manufacture and transistor design). 

[0020] With the invention, at the beginning of a new process technology (e.g., a new 
ULSI chip fabrication process generation), a compact model (the target model) is created for a 
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device such as a metal-oxide semiconductor field-effect transistor (MOSFET) that reflects the 
process performance targets that are to be achieved at the end of the process development 
cycle. The model is typically based on extrapolation using an existing compact model from a 
previous process technology. 

[0021] There are a number of different individuals or different teams that are involved 
in the design/manufacture of a final product. For example, when designing integrated circuits, 
a process designer is responsible for designing and manufacturing specific implants or 
dielectric layers. A device designer (e.g., transistor developer) uses the components 
designed/manufactured by the process developer to create individual devices (transistors). A 
circuit designer utilizes the different devices designed/manufactured by the transistor developer 
to create complete integrated circuits. 

[0022] Figures 1-3 are graphs which show current (I) verses voltage (V) of a device 
(e.g., a transistor). Figure 1 illustrates a single target performance point 100. This indicates 
that, at a specific current (1^, a specific voltage (V x ) will be output by the device (or vice 
versa). This is the traditional information that the device designer supplies to the circuit 
designer. Conventionally, a device designer would enter into an agreement (oftentimes a 
contractual agreement) to enable a specific circuit design (based on a model) to achieve a 
specific target performance point. 

[0023] However, problems can occur as the design of the device progresses. For 
example, as shown in Figure 2, three different devices can achieve the performance point 100 
in different manners as represented by curves 20-22. Curves 22 is the most linear relationship 
between current and voltage while curves 20 is the least linear (and most exponential) 
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current-voltage relationship. Each of the devices that produced curves 20-22 were based upon 
the same target model. However, because of individual design choices, cost consideration, 
etc., the final design of the devices was each slightiy different, thus resulting in the different 
curves 20-22. 

[0024] The inventors realized that this presents a potential problem to the circuit 
designer. For example, the circuit designer may design a circuit that included a large number 
of the devices that produced the curve 20. Yet in actuality, because of yield problems, cost 
considerations, etc., the device designer may create a device with a current-voltage curve more 
similar to curve 22. 

[0025] In many instances, this difference could cause substantial problems (e.g., 
timing, power consumption, etc.) for the circuit being designed by the circuit designer. These 
problems are compounded because the circuit designer and device designer generally preparing 
their designs simultaneously (and sometimes independently) which prevents any problem from 
being detected until late in both design cycles. When the problem must be corrected, either 
the circuit designer or the device designer must perform a substantial amount of redesign, 
which is inefficient and expensive. 

[0026] The invention solves this problem by producing a range of target performance 
parameters 30 as shown in Figure 3. The range of target performance parameters 30 includes 
the points between the most linear curve 22 and the least linear curve 20. In the graphical 
representation shown in Figure 3, the range of target performance parameters 30 is 
represented by a two-dimensional area. However, as would be known by one ordinarily 
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skilled in the art, different variables could be included to form a multidimensional area of 
target performance parameters. 

[0027] The range of target performance parameters 30 is increased by the 
manufacturing processing window. The manufacturing processing windows for each of the 
curves 20-22 are shown as the dashed lines 25, 27 surrounding each of the curves 20-22. 
Manufacturing process windows occur because of slight variations within manufacturing lines. 
For example, variables such as the temperature, pressure, processing time, chemical 
concentrations, etc., of various fixed manufacturing processes cannot be controlled with exact 
precision. Therefore, such variables can be somewhat inconsistent between different batches 
of products manufactured, even when using the same methodology on the same processing 
line. These inconsistencies are even more likely as different manufacturing lines are used to 
produce the same device. 

[0028] Thus, in the examples shown Figure 2, some of the devices may exhibit a 
slightly more linear or slightly less linear current-voltage curve than the theoretically perfect 
current-voltage curve for a given device design. For this reason, Figure 2 illustrates the 
dashed manufacturing process window lines 25, 27 surrounding each of the curves 20-22. 
Further, since the designer must consider both manufacturing process variation and design 
variation, the range of performance parameters 30 includes the parameter points between the 
upper manufacturing process window 27 of curve 22 and the lower manufacturing process 
window 25 of curve 20, as shown in Figure 2 in one embodiment of the invention. 

[0029] By supplying a range of target performance parameters 30 to both the device 
designer and the circuit designer at an early stage in the design process, the invention 
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substantially increases the probability that the final device design will operate as intended 
within the circuit design. Therefore, the device designer is provided the latitude to change the 
device design in any way necessary to achieve the various cost, yield, etc., goals that the 
device designer may have, so long as the device operates within the target performance 
parameter range 30. Similarly, the circuit designer is prevented from presuming that the 
device will perform outside the target performance parameters 30. 

[0030] The simultaneous (parallel) development processes of the device designer and 
circuit designer are shown in Figure 4. More specifically, the device design starts at item 400 
and the circuit design process starts at item 430. Device goals are established in item 402 and 
are based, at least in part, upon the circuit goals developed in item 432. At this point, the 
device goals are merely conceptual objectives that the device should achieve, and do not 
represent a true model of the device. From these goals, the target performance parameters 
404 are developed. 

[0031] These performance parameter ranges 404 can be broad or narrow and are 
determined by actual testing of existing hardware, extrapolations, simulations, etc. Such 
target parameter ranges can include the various delays that the different elements may exhibit, 
the different currents that can be seen at different points within the circuit design, the 
capacitance of the various features, the different threshold voltages of the various circuit 
features, as well as current, voltage, and capacitance ratios. Specifically, target performance 
parameters can be developed from several methods including adjustments to an existing 
hardware-calibrated compact model that is constructed using a physical and scalable equation 
set. Other sources of information for developing target performance parameters include 
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prototype hardware experiments and numerical simulations that are more detailed than 
compact models (the distinction "compact" means that the model equations described in this 
invention are distilled from more macroscopic forms of simulation into higher-level circuit 
elements such as capacitors, current sources, etc.). For example, as is known in the art, 
numerical finite-element simulation codes such as PISCES, FIELDAY, or DAMOCLES can 
be used to predictively examine possible device designs based on a spatially-discretized 
physical model of a transistor and adjusted physical and process assumptions. 

[0032] A target model of the device is created using the target performance parameters 
and the device goals in item 406. The target model is constructed with as much attention to 
accuracy as possible, given the available information, since it must be predictive of both 
process and device design variations, and of the final nominal process. Once a target model is 
completed, it is then made available to circuit designers since the circuit design can not 
formally proceed without some type of compact model. The process development group(s) 
then simultaneously begin the ongoing cycle of refining their target specifications and device 
design in item 408. Optionally, simulation experiments from a number of sources including 
circuit analysis using the present target model are used to update the device design in items 
410 and 412. Item 412 checks to see whether the target parameters (in item 404) have been 
met in the simulation 410. If the simulations indicate that the targets are not met, processing 
returns to item 408 where the device design is modified. In item 416, hardware experiments 
are used to produce and test new device designs. Hardware experiments include, but are not 
limited to, test chips that are composed of large arrays of individual transistors. Item 412 
checks to see whether the target parameters (in item 404) have been met. If they have not 
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been met, processing returns to item 408 where the device design is reviewed and updated. 
Note also that, as the process matures, the uncertainty in the target model's prediction of the 
final process can be reduced, and these updates are conveyed to the circuit designer 
community in item 414. This updated target model can be utilized by design groups that start 
their designs at times later than the availability date of the initial target model. From the 
circuit designer's perspective, the nominal performance point stays the same as the target 
model bounds tighten over time (e.g., the "2 nd " bounds in item 414). When it is determined 
that the device does not require further changes, item 420 represents the final device design 
which is supplied to the circuit designers. 

[0033] The circuit design process relies upon the target performance parameters 404 
and target model 406 to create a circuit model 434 of the chip. This circuit model is then 
simulated in item 436 and the results of the simulation are checked to determine whether the 
circuit goals have been met (438). If the circuit goals have not been met, processing returns to 
item 434 and the circuit is further modified. If the circuit goals have been met, the circuit is 
physically produced and tested 440 using the devices from item 420. In item 442, the 
invention checks as to whether the final circuit performs its intended function. If it does not, 
it is further modified in item 434 and the above processing is repeated. 

[0034] The invention is conceptually different than the conventional modeling systems 
that supply a model that reflects a single performance point as in Figure 1. As shown above, 
such a conventional system may cause a device, designed according to the compact model, to 
not perform as a circuit designer presumed it would. Rather, the invention supplies ranges of 
performance targets to both the device designer and the circuit designer. Therefore, while the 
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conventional systems only supply a single parameter for each parametric, the invention 
supplies a range of parameters for each parametric. For purposes of this application, a 
"parametric" represents some specific performance feature of the device, such as the 
current-voltage performance, and " parameters" represent the different values that the device 
may produce for a given parametric (Figures 1-3). 

[0035] By relying upon the target performance parametrics and device design 
distributions, this invention provides the circuit designer with a multiplicity of possible future 
design points. This allows the circuit designer to verify that their design works over the entire 
allowable device design window. This invention also provides the device designer with more 
flexibility to evaluate yield/cost/etc tradeoffs by permitting the device designer to alter the 
design, so long as the device complies with the target performance parameters. 

[0036] The inventive target-based compact model allows designers to evaluate 
variations in the process while maintaining the performance targets set out by the target model. 
In other words, the invention allows the designer to examine how potential transistor design 
changes will influence representative circuits, while still maintaining the performance targets. 
The invention achieves this goal by correlating physical feature changes with target 
performance parameter changes. This process is shown in Figure 5. 

[0037] More specifically, the process in Figure 5 starts in item 50. In item 51, a 
potential modification to the device design (addition or modification) can be proposed by the 
device designer. Next, in item 52, the invention calculates "primary device parameters" from 
such physical features. For purposes of this application, "primary device parameters" are 
performance characteristics that are directly related to the specific physical feature. For 
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example, in MOSFET designs, the overlap capacitance (C ov ) is directly related to the length of 
the physical overlap of the gate material over the diffusion and extension (or lightly-doped 
drain) implants and the gate oxide thickness. Therefore, if the gate oxide thickness is 
increased 20%, the overlap capacitance will decrease by 10%, for example, the specific 
numbers depend on the exact device design. This is a well-known relationship to those 
ordinarily skilled in the art of semiconductor manufacturing. Similarly, the inversion 
capacitance (C inv ) is directly related to capacitive channel length. Therefore, if the capacitive 
channel length is increased 10%, the inversion capacitance will increase by 10%. This is also 
a well-known relationship to those ordinarily skilled in the art of semiconductor 
manufacturing. 

[0038] There are a number of other primary device parameters and the foregoing is 
merely an example of two primary parameters associated with the field of integrated circuit 
transistors. The primary parameters will be different for different technologies. The 
important feature of the primary parameters is that they are directly related to physical features 
in the device and in most compact models, primary parameters do not depend on other 
parameters. The invention also provides a correlation between the primary parameters and 
"secondary parameters" (item 55 in Figure 5). One secondary device parameter is total gate 
capacitance (C gon ) which is equal to the overlap capacitance (per side) to the inversion 
capacitance (C gon = C inv + 2 C ov ). 

[0039] For purposes of this application, the distinction between a "primary parameter" 
and a "secondary parameter" is that the secondary parameter is calculated based upon one or 
more "primary parameters," while the primary parameters are directly calculated from 
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physical features of the device. A secondary parameter demonstrates the performance of the 
device and is, therefore, useful as one of the target performance parameters mentioned above. 
These parameter classifications are in addition to certain other model parameters that are 
typically empirically set to establish the overall model fit. The secondary parameters are 
referred to herein as "constrained" or "derived," as opposed to the primary parameters that 
are "independent." The secondary parameters represent intermediate quantities that reflect the 
overall transistor's behavior. They are used by the process developer to adjust performance as 
the process matures. These performance targets comprise the acceptable range of operating 
parameters that the target model will exhibit. The invention stores the previously established 
calculations for the primary parameters and the correlations to the secondary parameters in 
easily accessible storage devices to allow automated calculation of the secondary parameters 
from physical design changes. 

[0040] Finally, some secondary parameters have correlations among other secondary 
parameters. Examples of these correlated secondary parameters include circuit-level metrics 
such as beta ratio (the ratio of saturated N-type MOSFET current to saturated P-type 
MOSFET current) and inverter delay (the ratio of the quantity that is the product of power 
supply and certain capacitance terms to the saturated MOSFET current). Like the previously 
mentioned correlations, these correlation calculations are precomputed for fast access during a 
simulation run. 

[0041] As shown in Figure 5, the invention calculates the secondary parameter from 
the correlations (item 53). Since all secondary parameters are constrained, including 
secondary parameters that are correlated to other secondary parameters, the invention only 
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produces model performance points within allowable limits. Items 54 and 56 modify certain 
secondary parameters that have correlations between other secondary parameters. The 
invention then checks to determine whether all secondary and primary parameters are within 
their corresponding target limits (item 57). If a parameter falls outside a limit, the method 
returns to item 51, so that the proposed design change can be removed, or so that a different 
or additional design change can be made. 

[0042] This aspect of the invention allows the device designers to play "what if" 
scenarios on the device design. Therefore, if the device designer determines that a certain 
physical feature change may increase yield or decrease cost, that change can be evaluated 
using the processing shown in Figure 5 to determine whether it would be acceptable and to 
maintain the target performance parameters required for the device. The features shown in 
Figure 5 also allow a number features to be altered, thereby allowing balancing of different 
design choices to achieve some goal, yet maintain the devices performance within the range of 
target performance parameters. Thus, if a certain change in the physical design of the device 
causes a secondary device parameter to exceed the performance parameters, the invention 
allows the designer to change a different physical feature to see whether the performance can 
be brought back in line with the target performance parameters. 

[0043] Stated another way, the invention provides "design distributions" that allow the 
designer to maintain the performance targets during development of the design. More 
specifically, design distributions include a set of statistical distributions that can be present in 
any of items 51-56, that reflect possible transistor design variations and a set of equations 53 
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and 56, that couple these equations in a compensating way such that transistor performance is 
preserved. 

[0044] An important feature of the embodiment of the invention shown in Figure 5, is 
that the evaluation process is fully automated. More specifically, the correlations shown in 
item 55 and certain coefficients, such as weighting factors, are established for each technology 
before implementing the invention within a given technology setting. Similarly, me 
calculations performed in items 53/56 to calculate the secondary parameters and the 
evaluations done in item 54 are easily accomplished using any conventionally available logical 
processing device (e.g., computer - Figure 6). In me preferred embodiment, the design 
distributions are evaluated using Monte Carlo statistical analysis either separately or in 
addition to all of the manufacturing process distributions (normal compact model statistical 
behavior). If the design distributions are evaluated without process variation, the process 
variation is set at some fixed nominal (non-statistical) point. In this way, the performance 
point analysis loop in Figure 5 is automated and a large selection of performance points can be 
evaluated on various multidimensional plots. By having such a system fully automated, the 
device designer's choices and actions are made much more efficient, thereby decreasing design 
time and cost. 

[0045] The target model 406 is a set of equations (typically embodied in a set of 
software subroutines that are part of a circuit network simulation program) that includes some 
features that are new (associated with the next generation of technology) and some features 
that are old (associated with the current, or previous, generations of technology). Old features 
are typically the "shapes" of the curves. The overall behavior of the model is fairly 
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well-defined by the equations used. In a scalable compact model, some parameters do not 
change in successive process generations. Therefore, the associated "second-order" primary 
parameters (e.g., certain fitting parameters) are usually not modified when a previous 
technology model is mapped into a new target model. 

[0046] New features are typically the physical features that adjust the scalable model 
for the new process generation. The associated "first-order" primary parameters represent 
physical properties of the transistor that have been scaled. Examples include MOSFET gate 
oxide thickness, long-channel threshold, and diffusion-to-channel capacitance. 

[0047] A representative hardware environment for practicing the present invention is 
depicted in FIG. 6, which illustrates a typical hardware configuration of an information 
handling/computer system in accordance with the subject invention, having at least one 
processor or central processing unit (CPU) 10. CPUs 10 are interconnected via system bus 12 
to random access memory (RAM) 14, read-only memory (ROM) 16, an input/output (I/O) 
adapter 18 for connecting peripheral devices, such as disk units 11 and tape drives 13, to bus 
12, user interface adapter 19 for connecting keyboard 15, mouse 17, speaker 103, microphone 
104, and/or other user interface devices such as a touch screen device (not shown) to bus 12, 
communication adapter 105 for connecting the information handling system to a data 
processing network, and display adapter 101 for connecting bus 12 to display device 102. A 
program storage device readable by the disk or tape units, is used to load the instructions 
which operate on a compact modeling system which is also loaded onto the computer system. 

[0048] An important feature of the invention is the fact that the hardware design that is 
created, based on the target model, maintains the performance targets throughout development 
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(or at least minimum performance levels). Therefore, the device designers are constrained by 
the performance targets. By requiring that performance targets always be maintained, the 
invention reduces (or eliminates) the need for the circuit designer to alter their design to 
accommodate unanticipated functions of the devices. 

[0049] During the device hardware design/maturation process, various proposed 
alterations to the hardware design will be made. These can include timing changes, physical 
shape changes, logical operations changes, etc. With the invention, the final hardware design 
that is produced maintains the operating parameter performance targets of the target model. 
The intent is that, as the process matures, the tolerances on the target model parameters (and 
the overall performance target(s) for the compact model) are reduced. In addition, the nominal 
point can be manually adjusted as more learning occurs (without reduction in performance). 

[0050] Purely hardware-based models are only created for selected applications such as 
model-to-hardware correlation and product verification. In the general approach, there must 
be a way to provide a calibrated model for circuit designers to verify their designs. The 
hardware-based model provides that method of verification. However, because hardware 
produced in the middle of the process development cycle is usually not centered (i.e. , it does 
not meet all process targets), the target model is still a better predictor of the final process. 

[0051] The range within the various performance targets is conceptually different than 
the manufacturing process window. As shown above, manufacturing process windows are 
associated with the differences that can be expected between two devices produced in the same 
manufacturing line. During the manufacturing process, efforts are made to keep variables 
such as temperature, chemical concentration, processing time, etc., consistent for all 
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manufacturing runs. However, despite the various efforts expended, some variations in the 
manufacturing process are to be expected. This produces items that are somewhat different. 
These differences represent the manufacturing process window. 

[0052] To the contrary, in one embodiment, the inventive concept of performance 
targets is different than manufacturing process windows because the performance targets 
comprise limits beyond which the circuit design should not exceed. This includes performance 
that should be anticipated given all of the manufacturing process windows. Therefore, the 
invention takes into account the different manufacturing process windows and, even when 
considering such windows, produces performance that falls within the target parameters. 
Therefore, there are conceptually two bounded ranges associated with the invention. The first 
bounded range principally represents the manufacturing process windows, while the second 
bounded range represents the performance targets. Further, as shown in Figures 2 and 3, the 
manufacturing windows are always included within (are bounded within) the range of 
performance parameters in one embodiment of the invention. In another embodiment, 
manufacturing and design variations are simulated separately. 

[0053] The compact model is scalable and physical. While individual process details 
may change, if there are valid process adjustments, the transistor designer will always 
maintain the same overall performance targets. The compact model can be adjusted in 
compensating ways to maintain fixed performance metrics. 

[0054] While the invention has been described in terms of preferred embodiments, 
those skilled in the art will recognize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 
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